Gibson, A. A. M., and Arneil, G. C. (1972) . Archives of Disease in Childhood, 47, 84. Nephronophthisis: report of 8 cases from Britain. Eight Scottish children with nephronophthisis are described. The typical clinical picture is thirst and polyuria associated with severe anaemia, progressive impairment of renal function, and dwarfism. Isosthenuria and gross enlargement of the bladder are usually present. Systemic hypertension is usually absent until the terminal stages.
Five of these children are dead and the kidneys have been examined at necropsy. Percutaneous renal biopsy has been carried out on the remainder. The typical morbid anatomical feature is the presence of medullary cysts in small uniformly contracted kidneys. Histologically, the kidney is diffusely affected with extensive sclerosis of glomeruli, periglomerular fibrosis, and obvious hyaline thickening of the tubular basement membrane.
The disease progresses inexorably and renal transplantation offers the only longterm solution.
'Die familiare Juvenile Nephronophthise' described by Fanconi et al. in 1951 was soon recognized in several European countries (Enell, 1952; Hackzell, 1952; Hooft, Roels, and Herpol, 1959; Broberger, Winberg, and Zetterstrom, 1960; Royer, Mathieu, and Habib, 1963) . Apart from the family reported from Ireland in 1970 (Alexander and Campbell) , the condition has received little attention in the United Kingdom.
During the period 8 children with clinical and histological evidence of nephronophthisis have been investigated at this hospital; details of these children are given in Tables I-IV. This series of 8 children included 2 sibships. There were a sister and brother (Cases 7 and 8) and 2 sisters (Cases 3 and 4). The remaining 4 children had a total of 10 healthy sibs. The age of recognized onset of the disease varied from 31 to 11 years. Death occurred at the age of 10 or 11 years in the 5 fatal cases. 3 children, aged 10, 12, and 17 years, are still alive but in progressive renal failure.
Presenting Features Thirst and polyuria were the presenting features in 7 of the 8 children. Hb ranged from 6 8 g-10 0 g/ 100 ml in the 7 children for whom this value was recorded on first attendance. Each of the 8 affected children was dwarfed, some severely. The bladder size was Received 23 June 1971. noted to be large on first attendance in 4 of the 5 children for whom this observation was recorded. Systemic hypertension was noted in only 1 child on first attendance at hospital (150/105 mmHg in Case 6); the remainder were normotensive. 4 of the 8 children had reverted to enuresis nocturnally.
The urinary and biochemical findings on first admission to hospital are recorded in Table II .
The paucity of red cells, leucocytes, and casts in the urine is a striking feature. The pattern of high urinary output of low specific gravity, poor urea concentration, and progressively poorer corrected creatinine clearance is reflected in the abnormal biochemical findings in the serum. There was clear evidence of azotaemia on presentation with hypokalaemia in 3 patients and hypocalcaemia in 1. The level of serum sodium was almost normal. With progression of the disease, the hypocalcaemia tended to increase and to produce radiological changes as shown in Table III .
This constant renal osteodystrophy of varying severity is non-specific and presumably due to secondary hyperparathyroidism. Radiological investigation confirmed the very large bladder in each child in whom it had been detected clinically, while infusion urography showed poor concentration of dye due to poor renal function. In the material from the 3 renal biopsies similar but less severe histological changes were present, though medullary cysts were not identified. Basement membrane thickening associated with atrophic tubules supported the diagnosis of nephronophthisis.
Pathology
The pathological findings which are of value in diagnosis are summarized in Table IV that Winberg drew attention to the similarities between medullary cystic disease and familial juvenile nephronophthisis. These two conditions have been reappraised and there is general agreement that the terminal histology is identical (Strauss and Sommers, 1967; Mongeau and Worthen, 1967 ). This does not mean that the two names are interchangeable. The term 'medullary cystic disease' is non-specific and probably has a variety of causes. It is misleading in the present context because nephronophthisis affects both cortex and medulla, and the glomerular destruction is probably critical to prognosis. It, therefore, seems to us that the typical clinical appearance in children should be termed juvenile nephronophthisis and modified to familial juvenile nephronophthisis if another sib or relative is similarly affected. Familial incidence was a constant feature of the earlier reports, and there is now general agreement that the condition is inherited as an autosomal recessive character. However, when the family size is limited, as in the present series, the chance of single cases of the disease occurring in a family becomes much greater.
The typical clinical picture is of a dwarfed child aged 4 to 10 years who presents with a story of thirst, polyuria, and a return of nocturnal enuresis. A large bladder is palpable and severe normochromic anaemia present. Haematuria, casturia, and proteinuria are not usually present, and systemic hypertension is a late feature. Renal function is extremely poor and azotaemia with eventual renal osteodystrophy are constant. Hypokalaemia may be present or tapetoretinal degeneration. The various tests of renal function, such as intravenous pyelography and creatinine clearance, reveal in the early stages normal-sized kidneys with a progressive loss of ability to clear and to concentrate. The isosthenic urine is of low specific gravity and osmolality. Tomography will show normal-sized, smooth kidneys in the early stages, and these usually progress to small smooth kidneys with only very fine scarring.
The contracted kidneys associated with chronic renal disease share many pathological features whatever the underlying aetiology, and juvenile nephronophthisis is no exception. Certain points may be of value in distinguishing this particular variety of chronic nephropathy. The appearance of uniformly contracted kidneys with fine scarring of the subcapsular surface reflects the diffuse nature of the disease, and contrasts with the focal involvement of the renal parenchyma and irregular scars which characterize the kidneys in chronic pyelonephritis. The absence of inflammation of the renal pelvis distinguishes nephronophthisis from chronic pyelonephritis. The small medullary cysts, which are a constant finding in our postmortem material and which are present, though not necessarily emphasized, in many of the previous reports of juvenile nephronophthisis, are not a feature of either chronic pyelonephritis or chronic glomerulonephritis, the two conditions with which nephronophthisis is most likely to be confused.
The histological picture of glomerular sclerosis, tubular atrophy, chronic inflammatory infiltration, interstitial fibrosis, and hypertensive arteriolar change is, of course, common to several varieties of chronic renal disease. In nephronophthisis the sclerosis of the glomerular tufts is not associated with much intracapillary or extracapillary proliferation, and in addition periglomerular fibrosis is always prominent in the remaining glomeruli. Tubular atrophy is extensive, but the important feature is the degree of thickening of the basement membrane which is associated with both atrophic and dilated tubules. Though this change is present in the cortex, the distal part of the nephron, particularly the limbs of Henle, is most severely affected. Thickening of the tubular basement membrane is not specific, but if unusually prominent it should suggest the diagnosis of nephronophthisis. The exact nature of the eosinophilic hyaline material which surrounds the tubules is not yet clear; it does not stain for amyloid. The interstitial inflammatory infiltrate is diffuse, mainly lymphocytic in nature, and it is usually mild.
With a typical clinical history, particularly if there is familial involvement, a renal biopsy may provide pathological support for the diagnosis of nephronophthisis. Necropsy will establish it beyond doubt. Four children in this series were diagnosed retrospectively in this way without knowledge of the clinical details.
Little has been added to the understanding of the condition since the original description by Fanconi et al. (1951) . There is general acceptance that it is a degenerative rather than an inflammatory process, but there is little information about the histological changes in the early stages ofthe disease.
The observations of Fetterman, Fabrizio, and Studnicki (1967) , employing the technique of microdissection of tubules, may help to throw light on the pathogenesis of the disease. They demonstrated abnormalities in all portions of the nephron, but the most striking finding was the presence of multiple diverticula in approximately 15% of the descending limbs, which were isolated. This is probably the same lesion which Ivemark, Ljunqvist, and Barry (1960) were filled with radio-opaque material, but which they interpreted as elongation and coiling of the tubule.
